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Description 
TECHNICAL FIELD 

[0001] The present invention relates to an image 
readingAA/riting head capable of reading and printing an 
image by means of thermal-transfer or thermosensible 
method. 

BACKGROUND OF THE INVENTION 

[0002] An image processing apparatus such as a fac- 
simile machine is commonly provided with an image 
sensor for reading an image, and a thermal printhead 
for recording an image which is received or read by the 
above image sensor on heat-sensitive paper for exam- 
ple. 

[0003] If there is a reading/writing head capable of 
reading the image and recording the image on paper for 
the image processing apparatus, the facsimile machine 
will be assembled with a fewer parts and components, 
the head will only occupy a smaller space, and therefore 
the facsimile machine will be even more compact. 
[0004] Such a reading/writing head is already dis- 
closed in the Japanese Patent Publication No. 
6-319013. According to the readingAwriting head dis- 
closed in this publication, image sensing is achieved 
through an image reading surface provided at an upper 
surface of a casing, where light is reflected to pass 
through a rod lens array to focus on light receiving ele- 
ments provided in an upper surface of an element- 
mounting substrate disposed in a bottom surface of a 
substrate. On the other hand, a thermal printhead func- 
tion is achieved by an array of heating elements provid- 
ed in an lower surface of a heating element formation 
substrate disposed adjacently to the element-mounting 
substrate on a bottom surface of a casing, whereas drive 
IC's for driving these heating elements are mounted on 
a lower surface of the element-mounting substrate. 
[0005] However, the image reading/writing head ac- 
cording to the above arrangement has the following 
problems which must be solved. 

[0006] First, the element-mounting substrate has one 
surface for mounting the light receiving elements for the 
image sensor, and the other surface for mounting the 
drive IC's for the thermal printhead. Because of such an 
arrangement, this element-mounting substrate is ex- 
tremely difficult to manufacture. Specifically, this ele- 
ment-mounting substrate must be formed with a very 
fine wiring pattern in each of the two surfaces. Further, 
this element-mounting substrate must be mounted with 
elements by means of chip bonding and wire bonding in 
each of the two surfaces, and thus it is extremely difficult 
to smoothly perform such manufacturing operations to- 
day. 

[0007] Second, the substrate for mounting the ele- 
ments is prepared separately from the substrate in 
which the heating elements are formed. This increases 



the number of parts and assembling steps, raising cost 
of the image reading/writing head. 
[0008] Third, the distance from the image reading sur- 
face to the light receiving elements is set to so called 

5 conjugated length of the rod lens array. This makes im- 
possible to further reduce the thickness of the head. 
[0009] Fourth, the light receiving elements for the im- 
age sensor is separated from the drive IC's for the ther- 
mal printhead. raising the cost of the head. 

10 [0010] The US-Patent US-A-4.706.128 already dis- 
closes a copy head used in simple copiers. This copy 
head particulariy consists of a base plate, a photosensor 
section for reading out an image and a printing head. 
An image on an original is illuminated by a light source 

15 and is formed on the surface of the photosensor section 
on the base plate of the copy head through a mirror and 
a lens. The image information is binary coded by a bi- 
nary coding circuit. The printing head is driven in accord- 
ance with this binary coded information so that an image 

20 is reproduced on an recording paper. Although not de- 
scribed in detail a casing is considered to enclose all 
optical components such as the light source, the lens 
and the mirror for preventing the entry of the disturbing 
external light. Moreover, the base plate is to be made of 

25 a transparent material since the reflected light must en- 
ter the light sensor from inside the casing. Therefore, 
the applicability of the copy head is limited. 
[001 1 ] It is therefore an object of the present invention 
to provide an image reading/writing head which can be 

30 manufactured more easily. 

[0012] Another object of the present invention is to 
provide an image reading/writing head comprising a 
fewer number of parts. 

[0013] Another obj ect of the present invention is to 
35 provide an image reading/writing head having smaller 
outside dimensions. 

OUTLINE OF THE INVENTION 

40 [0014] An image reading/writing head provided by a 
first aspect of the present invention comprises an inte- 
grated circuit for reading provided with a plurality of light 
receiving elements for reading an image on a document 
by receiving, via optical lenses, light reflected by the 

45 document placed on an image reading surface provided 
in a surface of a casing; a plurality of heating elements 
disposed in a surface different fi-om the reading surface 
in the casing for forming an image on recording paper 
by heat; and an integrated circuit for writing for control- 

50 ling these heating elements. 

[0015] The integrated circuit for reading, the heating 
elements and the integrated circuit for writing are pro- 
vided in a main surface of a substrate held by the casing. 
Further light reflecting means are provided for making 

55 the light after passing the optical lenses enter the light 
receiving elements. 

[0016] Speciftcally, according to this image reading/ 
writing head, the image reading surface and the heating 
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elements are disposed in different surfaces in the cas- 
ing, yet the heating elements, the integrated circuit for 
writing for controlling the heating elements, and the in- 
tegrated circuit for reading provided with light receiving 
elements are provided In the same single main surface 5 
of a single substrate. Further, the light reflecting means 
are provided for making the reflected light from the doc- 
ument enter the light receiving elements in the integrat- 
ed circuit for reading provided in the substrate. Specifi- 
cally, the reflected light from the document passes io 
through the optical lenses, and then directed by the re- 
flecting means for entering the light receiving elements. 
[0017] According to this image reading/writing head, 
the integrated circuit for reading and the integrated cir- 
cuit for writing are mounted basically in one main sur- 15 
face of one substrate. Thus, it becomes possible to use 
a substrate formed with a wiring pattern only in one sur- 
face on which formation of the heating elements, bond- 
ing of each integrated circuits and necessary wirebond- 
ing can be made. As a result, manufacturing process 20 
can be significantly simplified as compared to the ar- 
rangement in which integrated circuits must be mounted 
in both surfaces of the substrate. 
[0018] Further, the reflected light from the image read- 
ing surface is re-directed by the reflecting means before 25 
entering the light receiving elements. Thus, even if a 
selfoc lens array is used as the optical lenses, it be- 
comes possible to make the thickness of the casing 
smaller than the conjugated length of the rod lens array. 
This contributes greatly to size reduction of this reading/ 
writing head. 

[0019] According to a preferred embodiment, a clock 
signal for the integrated circuit for reading and a dock 
signal for the integrated circuit for writing are the same 
clock signal. 

[0020] With such an arrangement, compared with the 
case where separate clock signals are supplied respec- 
tively to the integrated circuit for reading and the inte- 
grated circuit for writing, a fewer number of pins can be 
needed for a connector for supplying clock signals from 
outside of the image reading/writing head to the wiring 
pattern of the substrate, making possible to reduce the 
size of the connector. 

[0021] According to the preferred embodiment, a di- 
rection in which read image signals are transferred in 
the integrated circuit for reading is the same as a direc- 
tion in which image data for recording are transferred in 
the integrated circuit for writing. With this arrangement, 
the image can be properly fomned on the recording pa- 
per when copying the document in which occasion the 
read image signals are converted into binary information 
as image data for recording. 

[0022] With such an arrangement, in the image read- 
ing/writing head in which a plurality of integrated circuits 
for reading and a plurality of integrated circuits for writ- 
ing are mounted in parallel to the heating elements, 
when read image signals from the integrated circuits for 
reading are converted into binary information as image 



data for recording, and then supplied to the integrated 
circuits for writing, the recorded image is not a mirror 
image in which left-hand side and the right-hand side of 
the original image are vise versa. 
[0023] Specifically, the image reading writing head is 
likely to be used in such a way that the document to be 
read and the recording paper are fed in a same direction, 
and when copying, the surface of the document is op- 
posed to the recording surface, with the image reading/ 
writing head sandwiched in between. On the other hand, 
in the plurality of integrated circuits for reading, signals 
of the read image are outputted successively for each 
line starting from the first bit of the first-stage reading 
circuit. After conversion into binary data, the image data 
for writing are stored successively starting fi-om the last 
bit of the final-stage writing circuit. This is because the 
data for writing entered serially to the first bit of the shift 
register of the first-stage writing circuit is successively 
forwarded toward the last bit of the shift register of the 
final-stage writing circuit. Given the condition that the 
document surface is opposed to the recording surface, 
if the reading for the first bit of the first-stage reading 
circuit is made for the left-end of the document, the left 
end of the recording paper corresponds to the last bit of 
the final-stage writing circuit. Therefore, if the read im- 
age signal from the first bit of the first-stage reading cir- 
cuit is converted into binary signal as the image data for 
writing and is stored in the last bit of the final-stage writ- 
ing circuit, then a correct image which is not a mirror 
image can be obtained. At this time, the read image sig- 
nals are fonvarded from the first bit of the first-stage 
reading circuit toward the last bit of the final-stage read- 
ing circuit, whereas the image data for writing are for- 
warded from the first bit of the first-stage writing circuit 
toward the last bit of the final-stage writing circuit, i.e. 
the data transfer directions are the same. 
[0024] According to the preferred embodiment, the in- 
tegrated circuit for reading and the integrated circuit for 
writing are integrated into a single chip. 
[0025] With such an arrangement, light receiving ele- 
ments, the controlling circuit for the same, and the con- 
trolling circuit for the heating elements are integrated in- 
to a single chip. As a result, compared to the case in 
which the integrated circuit for reading and the integrat- 
ed circuit for writing are prepared separately and mount- 
ed separately from the other, the chip will occupy a 
smaller area in the substrate, making possible to reduce 
the area of the substrate for further reduction in the size 
of the image reading/writing head. 
[0026] Still further, according to the preferred embod- 
iment, the heating elements provided in the substrate 
supported by the casing is backed from behind the sub- 
strate by a heat absorbing member made of material 
having a greater thermal conductivity than of the casing. 
[0027] With such an arrangement, heat from the heat- 
ing elements quickly moves to the heat absorbing mem- 
ber, preventing the substrate from becoming excessive- 
ly hot, effectively making possible to avoid characteristic 
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changes in the light receiving elements, defonnation of 
or damage to the substrate resulting from the heat. It 
should be noted that according to the present invention, 
the heating elements, the integrated circuit for writing 
for controlling the heating elements, and the integrated 5 
circuit for reading provided with light receiving elements 
are provided in one main surface of the substrate as has 
been described earlier. Thus, the other surface may not 
be mounted with any wiring patterns or electronic com- 
ponents, and therefore a large area of this other surface 
of the substrate can be contacted to the heat absorbing 
member, making possible to effectively preventing the 
overheating of the substrate. 

[0028] According to the preferred embodiment, the 
optical lenses are a selfoc lens array. According to an- 
other preferred embodiment, the optical lenses are a 
plurality of aspherical lenses. If the selfoc lens array is 
used, an image of a line out of the document is formed 
on the light receiving elements without magnification nor 
inversion. This arrangement is common in so called con- 
tact-type image sensor, and is easily carried out Into 
practice. If the plurality of aspherical lenses are used as 
the optical lenses, each of the aspherical lenses is dis- 
posed in correspondence with an integrated circuit for 
reading, and an inverted image of a line out of the doc- 
ument is formed in predetermined length effractions on 
the light receiving elements. Further, by making a dis- 
tance from the optical lenses to the image reading sur- 
face different from a distance from the optical lenses to 
the light receiving elements, the image can be formed 
within a line shorter than the actual reading line. As a 
result, it becomes possible to reduce the size of each 
integrated circuit for reading for reduced cost. 
[0029] According to the preferred embodiment, the 
light after passing the optical lenses is reflected one time 
by the reflecting means so the light enters the light re- 
ceiving elements at an angle. Further, according to an- 
other preferred embodiment, the light after passing the 
optical lenses is reflected for a plurality of times by the 
reflecting means before entering the light receiving ele- 
ment vertically or generally vertically. As described 
above, as far as there is enough distance from the op- 
tical lenses, the angle of incidence to the light receiving 
elements can be selected as desired. Preferably how- 
ever, the light should enter vertically for the best efficien- 
cy of the light receiving elements. 
[0030] The reflecting means may be one or a plurality 
of mirror surfaces, or a prism. The mirror surface can be 
formed by evaporating or spattering a metal in an inner 
surface of a cover member which is a separate member 
from the casing. The cover member covers the integrat- 
ed circuit for reading and the integrated circuit for writing 
mounted on the substrate. 

[0031] According to another preferred embodiment, 
the prism is made of a molded transparent resin fitted 
into a cover member which covers the integrated circuit 
for reading and the integrated circuit for writing mounted 
on the substrate. 



[0032] An integrated circuit for image reading/writing 
head provided by a second aspect of the present inven- 
tion comprises a plurality of light receiving elements for 
reading an image on the document by receiving light re- 
flected by the document, and a plurality of heating ele- 
ments for forming an image on recording paper by heat. 
[0033] The plurality of light receiving elements, a light 
receiving element controlling circuit for successively 
taking outputs from the plurality of light receiving ele- 
ments, and a controlling circuit for the plurality of heating 
elements are formed in a single chip. 
[0034] According to this integrated circuit for reading/ 
writing head, the plurality of light receiving elements, the 
light receiving element controlling circuit and the con- 
trolling circuit for the plurality of heating elements are 
formed in a single chip. Therefore, in comparison with 
the case where the light receiving elements, the inte- 
grated circuit for light receiving element controlling cir- 
cuit, and the integrated circuit for heating element con- 
trolling circuit are provided separately, a smaller space 
is needed on the substrate for mounting. In addition, 
supply of power and the clock signals may not be made 
individually to the different kinds of integrating circuits. 
This saves wiring pattern on the substrate, making pos- 
sible to reduce the size of the substrate, leading to size 
reduction of the image reading/writing head. Further, 
there is no need for manufacturing the integrated circuit 
for reading separately from the integrated circuit for writ- 
ing. This makes possible to reduce manufacturing cost 
of the integrated circuits, reducing steps such as for 
chip-bonding and wiring pattern formation, making pos- 
sible to manufacture the image reading/writing head at 
a low cost. 

[0035] According to the prefen^ed embodiment, the 
plurality of light receiving elements are disposed on a 
surface of the chip closer to a side edge, whereas alt the 
pads for signals and power supply are disposed on the 
surface of the chip closer to the other side edge. 
[0036] With such an arrangement, when pads are 
wirebonded to the wiring pattern on the substrate, the 
wires can be positively prevented from shading light 
from the light receiving elements. 
[0037] According to the preferred embodiment, a 
clock signal for the integrated circuit for reading and a 
clock signal for the integrated circuit for writing are the 
same dock signal. 

[0038] Such an arrangement can reduce the 'wiring 
pattern on the substrate, making easier to provide the 
wiring pattem, as well as making possible to reduce the 
size of substrate. . 

[0039] Other features and advantages of the present 
invention should become clearer from the following de- 
tailed description to be made below with reference to 
the accompanying drawings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0040] 

Fig. 1 is a perspective outline view of an image read- 
ing/writing head as a first embodiment of the 
present invention. 

Fig. 2 is a sectional view of the image reading/writ- 
ing head shown in Fig. 1 taken in a line vertical to 
a longitudinal axis of the image reading/writing 
head. 

Fig. 3 is a plan view of a second substrate provided 
in the image reading/writing head shown in Fig. 1. 
Fig. 4 is an enlarged plan view of a principal portion 
of longitudinal edge portions of the second sub- 
strate provided in the image reading/writing head 
shown in Fig. 1. 

Fig. 5 is an enlarged plan view of a principal portion 
of heating elements in the second substrate provid- 
ed in the image readingAvriting head shown in Fig. 
1. 

Fig. 6 is a circuit block diagram of a sensor IC (in- 
tegrated circuit for reading) provided in the image 
readingAvriting head shown in Fig. 1. 
Fig. 7 is a graph showing signal waves at different 
places of the sensor IC shown in Fig. 6. 
Fig. 8 is a circuit block diagram of a drive IC (inte- 
grated circuit for writing) provided in the image read- 
ing/writing head shown in Fig. 1. 
Fig. 9 is a graph showing signal waves at different 
places of the drive IC shown in Fig. 8. 
Fig. 10 is an illustration showing a relationship be- 
tween a read image and a recorded image when a 
document is being copied. 

Fig. 11 is a sectional view of an image reading/writ- 
ing head as a second embodiment of the present 
invention, taken in a line vertical to a longitudinal 
axis of the image readingAn/riting head. 
Fig. 1 2 is a plan view of a second substrate provided 
in the image readingAvriting head shown in Fig. 11 . 
Fig. 1 3 is an enlarged plan view of a principal portion 
of longitudinal edge portions of the second sub- 
strate provided in the image readingAvriting head 
shown in Fig. 11. 

Fig. 14 is a circuit block diagram of an integrated 
circuit provided in the image readingAvriting head 
shown in Fig. 11. 

Fig. 15 is a simplified plan view of the integrated 
circuit provided in the image readingAvriting head 
shown in Fig. 11. 

Fig. 16 is a perspective outline view of an image 
readingAvriting head as a third embodiment of the 
present invention. 

Fig. 1 7 is a sectional view of the image readingAvrit- 
ing head shown in Fig. 16 taken in a line vertical to 
a longitudinal axis of the image reading/writing 
head. 

Fig. 18 is a sectional view taken in lines X-X in Fig. 



17. 

Fig. 19 is a sectional view of a principal portion of 
the image reading/writing head as a fourth embod- 
iment of the present invention. 

5 Fig. 20 is a sectional view of a principal portion of 
the image readingAvriting head as a fifth embodi- 
ment of the present invention. 
Fig. 21 is an illustration showing a supporting mech- 
anism for a prism of the image readingAvriting head 

10 shown in Fig. 20. 

Fig. 22 is a sectional view of a principal portion of 
the image readingAvriting head as a sixth embodi- 
ment of the present invention. 

15 BEST MODE FOR CARRYING OUT THE INVENTION 

[0041] Now, preferred embodiments of the present in- 
vention will be described in specific details with refer- 
ence to the accompanying drawings. 

20 [0042] Figs, 1 through 1 0 show an image readingAvrit- 
ing head 1 as a first embodiment of the present inven- 
tion. Fig. 1 is a perspective outline view of the image 
readingAvriting head 1. Fig. 2 is a sectional view of the 
image reading/writing head taken in a line vertical to an 

25 longitudinal axis of the image reading/writing head 1 . 
This image reading/writing head 1 comprises a casing 
2 having a predetermined longitudinal dimension. As 
cleariy shown in Fig. 2, the casing 2 except for two end 
portions thereof is formed with a first recess 3 and a sec- 

30 ond recess 4 . The first recess 3 is sealed by a, cover 
glassS. The first recess 3 is mounted with a first sub- 
strate 6, whereas the second recess 4 is mounted with 
a second substrate 7. 

[0043] The first substrate 6 has a first main surface 

35 nnounted with a plurality of LED chips 8 at a predeter- 
mined longitudinal interval as a light source. The first 
substrate 6 has a second main surface supported by the 
casing 2, The second substrate 7 has a first surface 
formed with a plurality of heating elements 9 disposed 

40 in a row along and closer to a longitudinal edge. The first 
surface of the second substrate further includes inte- 
grated circuits for reading 10 (hereinafter called "sensor 
IC's") and integrated circuits for writing 11 (hereinafter 
called "drive IC's") along and closer to another longitu- 

45 dinal edge. The casing 2, is formed with an injection- 
molded heat absorbing member 24 having a generally 
square section. The heat absorbing member 24 con- 
tacts generally half of a second main surface of the sec- 
ond substrate 7. 

50 [0044] The casing 2 is formed with a communicating 
space connecting the first recess 3 with the first recess 
4. This communicating space is fitted with a selfoc lens 
array 12 serving as an optical lens . The casing 2 further 
includes a reflecting cover member 13. This reflecting 

55 cover member 1 3 has a bent portion 1 3a. The bent por- 
tion 1 3a has an end face contacting the first main sur- 
face of the second substrate 7. Specifically, the sensor 
IC's 1 0 and the drive IC's 1 1 are covered by the reflecting 
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cover member 13 while being mounted on the first main 
surface of the second substrate 7 of the casing 2. with 
the heating elements 9 of the second substrate 7 being 
exposed to the outside. 

[0045] The casing 2 can be made of resin by injection 
molding for example. The cover glass 5 can be made of 
glass or resin for example. The first substrate 6 can be 
a glass epoxy substrate for example. The second sub- 
strate 7 can be made of alumina ceramics for example. 
The LED chips 8 function as light sources for lighting a 
document D as an object to read. The heating elements 
9 function as heat sources for recording on recording 
paper P. Specific arrangement for the heating elements 
9 will be described later. 

[0046] Each of the sensor IC's 1 0 includes image sen- 
sors each functioning as a light receiving element for 
receiving light reflected by the document D and output- 
ting image signals, and a chip formed with a light receiv- 
ing element controlling circuit for successively taking out 
the image signals from respective light receiving ele- 
ments. The sensor IC's 10 are chip-bonded to the first 
main surface of the second substrate 7. and wirebonded 
to a wiring pattern (not illustrated) formed in the first 
main surface of the second substrate 7. 
[0047] Each ofthe drive IC's 11 includes a chip formed 
with a heating element controlling circuit for selectively 
drive respective heating elements 9. and is chip-bonded 
to the first main surface of the second substrate 7. Fur- 
ther, each sensor IC 10 is wirebonded to a wiring pattem 
(not illustrated) formed in the first main surface of the 
second substrate 7. 

[0048] The heat absorbing portion 24 is made of a 
metal such as aluminum for example, for absorbing heat 
generated by the heating elements 9 in the second sub- 
strate 7. preventing the second substrate 7 from over- 
heating. The selfoc lens array 1 2 is made by inserting a 
special rod lens into a resin, for projecting an image from 
the document D on the light receiving elements without 
magnification nor inversion. 

[0049] The reflecting cover member 13 is made of 
glass, resin or metal, for reflecting the reflected light 
from the document D after passing through the selfoc 
lens an-ay 12, directing the light into the light receiving 
elements. Specifically, the reflecting cover member 13 
has a surface, other than the bent portion 1 3a, opposed 
to the first main surface of the second substrate 7. and 
this opposed surface is formed at least partially of a re- 
flecting surface. This reflecting surface can be formed 
by vaporizing or spattering a metal. According to the 
present embodiment, the reflecting surface of the re- 
flecting cover member 1 3 is parallel to the first main sur- 
face of the second substrate 7 whereas the selfoc lens 
array 12 is inclined so as to have an optical axis inclined 
by a predetermined angle to the reflecting surface ofthe 
reflecting cover member 1 3. Further, the cover glass has 
an upper and lower surfaces each being vertical to the 
optical axis of the selfoc lens array 12. 
[0050] If reading is to be made at a main scanning 



density of 8 pixels/mm for a document of size A4 for ex- 
ample, a total of 1728 light receiving elements must be 
disposed in a row at a constant interval. Such an ar- 
rangement can be achieved by disposing a plurality of 

5 sensor IC*s 10 formed with a plurality of light receiving 
elements, in a row on the first main surface ofthe second 
substrate 7. For example, if the sensor IC 10 is formed 
with 96 light receiving elements, 18 of the sensor IC's 
10 will be placed in longitudinal succession in close 

10 abutment on the adjacent sensor IC's so that all of the 
light receiving elements are disposed at a constant 
pitch. 

[0051] The upper surface of the cover glass 5 is op- 
posed by a reading platen roller 21. The document D is 
15 guided and fed onto the cover glass 5 by this platen roller 
21. 

[0052] With the above arrangement, the function of an 
image sensor for reading the image on the document D 
brought onto the cover glass 5 is achieved. Specifically, 

20 a monochrome image of the document D on a reading 
line L provided on the cover glass 5 is reflected, without 
magnification nor inversion, on the array of light receiv- 
ing elements of the sensor IC's 10. and analog image 
signals representing amounts of light received by each 

25 of the light receiving elements are serially outputted for 
each reading line. 

[0053] On the other hand, the row of the heating ele- 
ments 9 disposed in the first main surface ofthe second 
substrate 2 is faced by a recording platen roller 22. This 

30 recording platen roller 22 feeds the recording paper P 
such as heat-sensitive paper while pressing the paper 
to the heating elements 9. With the above arrangement 
made on the first main surface of the second substrate 
7, the function of a thermal head is achieved, Specifi- 

35 cally. the drive IC's 1 1 selectively drive to heat the heat- 
ing elements 9 out of the array of the heating elements 
9 for each line according to recording-image data. 
[0054] Next, a specific arrangement for the heating el- 
ements 9 will be described. 

40 [0055] Fig. 3 is a plan view of the second substrate 7. 
The plurality of heating elements 9 are formed in a row 
closer to one longitudinal edge of the first main surface 
ofthe second substrate 7. On the other hand, a total of 
18 sensor IC's and a total of 12 drive IC's 11 are dis- 

45 posed each in a row closer to the other longitudinal 
edge. The drive IC*s 11 are closer to the heating ele- 
ments 9 than are the sensor IC's, Each of the sensor 
IC's 10 is abutted by the adjacent sensor IC's, Further, 
the second substrate 7 has end portions attached with 

50 connectors 23 and 24 respectively. The connectors 23. 
24 are connected by cables (not illustrated) for transmit- 
ting input/output signals and supplying power respec- 
tively to the sensor IC's 10 and drive IC's 11. 
[0056] Fig. 4 is an enlarged plan view of a primary por- 

55 tion of the longitudinal edge portions of the second sub- 
strate 7, The heating elements 9 formed in the row clos- 
er to one longitudinal edge of the first main surface of 
the second substrate 7 are made of a straight line of 
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heating resistor 31. A total of 1728 heating eiements 9 
are driven by a total of 12 drive IC's 11 each driving 144 
heating elements. These drive IC's are mounted along 
the other longitudinal edge of the first main surface of 
the second substrate 7. The 1 8 sensor IC's 1 0 are also s 
mounted on the first main surface of the second sub- 
strate 7 further closer to the above other longitudinal 
edge. 

[0057] Fig. 5 is an enlarged plan view of part of the 
heating resistor 31. The heating resistor 31 is abutted io 
by a common electrode wiring 32 extending parallel to 
the heating resistor. From this common electrode wiring 
32, a comb-teeth like common pattern 33 is extended 
widthwise of the second substrate 7 undemeath the 
heating resistor 31. Each pair of the comb teeth is inter- i5 
cepted by an individual electrode 34 which is also 
formed in a comb-tooth pattem. Each of the individual 
electrode pattems 34 has a base end portion closer to 
one of the drive IC's so that each of the individual elec- 
trode patterns 34 is wirebonded to an output pad of that 20 
drive IC 11. 

[0058] The drive IC s select and applied current to the 
individual electrode 34 according to the entered record- 
ing-image data. In the heating resistor 31, the current 
flows from the selected individual electrode 4 to a couple 25 
of common pattems 33 flanking this particular individual 
electrode 34, heating a portion between the two com- 
mon patterns. Specifically, as shown in Fig. 5, the heat- 
ing resistor 31 is crosscut by the comb-teeth like com- 
mon pattern 33, divided into very fine portions each 30 
functioning as the heating element 9. 
[0059] Next, arrangement for the sensor IC's 10 and 
drive IC's 11 will be described specifically. 
[0060] Fig. 6 is a circuit block diagram of the sensor 
IC 1 0. Each of the sensor IC's 1 0 is formed with 96 photo 35 
transistors PTr-, — PTrgg. 96 field effect transistors 
FET-|— FETgg, a shift register SR^ for receiving light, a 
chip selecting circuit CS^, an operational amplifier OP^, 
field effect transistors FETg, FETj,, a capacitor C^. re- 
sistors R1-R3, and pads SI, CLKI, VDD, AO, and SO. 40 
Each of the photo transistors PTr-|— PTrg© constitutes a 
light receiving element for outputting analog image sig- 
nals according to the image on the document D when 
reflected light from the document D is fed. The field ef- 
fect transistors FET-|— FETgg, the shift register SR^, the ^5 
chip selecting circuit CS^, the operational amplifier OP^, 
the field effect transistors FETg. FETu, and the capacitor 
C-,, resistors Ri^Ra constitute a light receiving element 
controlling circuit for successively taking out the outputs 
from the photo transistors PTri— PTrgg. so 
[0061] Each of the photo transistors PTr-,— PTrgg has 
a collector connected to the pad VDD. whereas an emit- 
ter is connected to a drain of a corresponding one of the 
field effect transistors FET^— FETgg. Each of the field ef- 
fect transistors FET^— FET^g has a gate connected to 55 
an output terminal of the shift register SR-| whereas the 
a source connected commonly to a drain of the field ef- 
fect transistor FETg and a non-inverting output terminal 



of the operational amplifier OP^ . The field effect transis- 
tor FETg has a gate connected to a pad CLKI whereas 
its source is grounded. The operational amplifier OP-i 
has an output terminal connected to a drain of the FET^ 
and an end of the resistor R3, whereas its inverting input 
terminal is connected to the other end of he resistor R3 
and an end of the resistor R2. The non-inverting input 
terminal of the operational amplifier OP^, a drain of the 
field effect transistor FETg and a source of each field 
effect transistors FET^— FETqq is connected to an end 
of the resistor R^ and an end of the capacitor C^. The 
other ends of the resistors R^, R2 and the capacitor C-| 
are grounded respectively. The field effect transistor 
FETj, has its gate connected to the output temninal of 
the chip selecting circuit CS^. whereas its source con- 
nected to the pad AO. 

[0062] Fig. 7 is a graph showing signal wave pattems 
at different points of the sensor IC 1 0 with SI represent- 
ing a serial in-signal entered to the pad St. CLKI repre- 
senting a clock signal entered to CLKI. and AO repre- 
senting image signal outputted to AO. 
[0063] The shift register SR^ which receives serial-in 
signals via the pad SI successively outputs drive pluses 
to respective gates of the field effect transistors FET1 
— FET96 in synchronization with the clock signal en- 
tered via the pad CLKI. Specifically, the serial in-signal 
is first entered to the first bit of the shift resistor SR-j. 
This turns on the first bit of the shift resistor SR^, apply- 
ing drive voltage to the gate of the field effect transistor 
FET^, turning on the field effect transistor FET-j for sup- 
plying the non-inverting input terminal of the operational 
amplifier OP-i with electric charge stored in the light re- 
ceiving photo transistor PTrl . At every input of the dock 
signal, the serial in-signal is successively shifted to the 
next step in the shift resistor SR^. As a result, electric 
charge, i.e. image signals, stored in the photo transis- 
tors PTr-i — PTrge are successively supplied to the non- 
inverting input terminal of the operational amplifier OP-i . 
The image signals are then amplified by the operational 
amplifier OP-|, then outputted via the field effect transis- 
tor FETj, which acts as an analog switch to the pad AO, 
and then supplied via the wiring pattem in the second 
substrate 7 to the outside of the image reading/writing 
head 1 . 

[0064] The serial in-signals thus transferred to the fi- 
nal bit of the shift resistor SR^, are then outputted to the 
pad SO and chip selecting circuit CS^ when the next 
clock signal is entered. The serial out-signals outputted 
to the pad SO is then supplied as serial in-signals via 
the wiring pattem in the second substrate 7 to the pad 
SI of the sensor IC 10 of the next step. 
[0065] The chip selecting circuit CSi turns on or off 
the field effect transistor FET^ in synchronization with 
the clock signal entered to the pad CLKI, from the time 
when the serial in-signals are entered to the pad SI to 
the time when the serial out-signals are outputted to the 
pad SO. Specifically, once the serial out-signal is en- 
tered, the chip selecting circuit CS^ stops supplying the 
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drive signals to the gate of the field effect transistor FET^ 
for turning off the field effect transistor FETt,. This stops 
supply from the operational amplifier OPi to the pad AO, 
effectively preventing noise for example amplified by the 
operational amplifier OP^ from being entered to the pad 
AO. 

[0066] Further, the field effect transistor FETg which 
acts as an analog switch, turns on or off in synchroniza- 
tion with the clock signals entered to the pad CLKI for 
switching between two states of supplying the opera- 
tional amplifier OP^ with electric charge from the photo 
transistors PTr^-PTrgg outputted via the field effect 
transistors FETi— FETg^, and of grounding. The capac- 
itor C-i and the resistor correct output wave forms 
from the photo transistors PTr^ — PTrgg, whereas the re- 
sistors R2, R3 determine a level of voltage amplification 
in the operational amplifier OP1. 
[0067] Fig. 8 is a circuit block diagram of the drive 10 
11. The drive IC 11 has a chip 42 formed with a chip 
selecting circuit CS2, a latch circuit LT, a shift register 
SR2, 144 AND circuits AND 1- AND ^44, 144 bipolar tran- 
sistors Tri-Tri44, and pads Dl, OLKI, LATI, STRI, 
STRCLK , GNK, STRO. LATO. CLKO. DO, . Each of the 
bipolar transistors Tr^— Tr-144 constitutes a switch to 
heating elements 9. The shift register SR2, 144 AND cir- 
cuits AND^— AND144, 144 bipolar transistors Tr^— Tr-144 
constitute a heating element controlling circuit for selec- 
tively turning on the heating elements 9 according to the 
recording-image data. 

[0068] Each of the AND circuits AND^— AND144 has 
an output terminal connected to the base of respective 
bipolar transistors Tr^ — Tri44. a first input terminal con- 
nected to an output terminal of the latch circuit LT, and 
a second input terminal connected to one of the output 
terminal of the chip selecting circuit CS2. The bipolar 
transistors Tr-|— Tri44 have respective emitters com- 
monly connected to the pad GND. and collectors con- 
nected to pad DO-|— DO144 respectively. 
[0069] Fig. 9 is a graph showing signal wave pattems 
at different points of the drive IC 11 with DI representing 
recording-image data entered to the pad ID, CLKI rep- 
resenting clock signals entered to the pad CLKI, ATI rep- 
resenting latch signals entered to the pad LATI, 
STRCLK representing strobing clock signals entered to 
the pad STRCLK, and STR-,-'STRi2 representing 
strobe signals generated by the chip selecting circuit 
CS2. 

[0070] The shift register SR2 receives recording-im- 
age data serially entered to its first bit and successively 
forwards the signal to the next bit in synchronization with 
the clock signal entered via the pad CLKI, thereby ten- 
tatively stores a total of 1 44 bits of recording-image data. 
The recording-image data thus transferred to the final 
bit of the shift resistor SR2, are then outputted to the pad 
DO when the next clock signal is entered, and then sup- 
plied via the wiring pattern in the second substrate 7 to 
the pad Dl of the drive IC 1 1 of the next step, fy/leanwhile 
the clock signal entered via the pad CLKI to the shift 
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register SR2 is then outputted from the shift resistor SR2 
to the pad CLKO and then supplied via the wiring pattern 
on the second substrate 7 to the pad CLKI of the drive 
IC 11 of the next step. The clock signal supplied to this 

5 shift register SR2 is the same clock signal as supplied 
to the shift register SRi of the sensor IC 10, being sup- 
plied from one connector pin of the connector 23 or 24 
via the wiring pattern on the second substrate 7 to the 
CLKI of the first-step sensor IC 10 and the CLKI of the 

10 first-step drive IC 11. Specifically, one clock signal 
serves the clock signal for timing control in the sensor 
IC 10 and the clock signal for timing control in the drive 
IC 11. 

[0071] The latch circuit LT captures image signal 

15 stored ateachbitofthe shift register SR2 upon reception 
of a latch signal via the pad LATI. The latch signal en- 
tered to the latch circuit LT is then outputted from the 
latch circuit LT to the pad LATO and is supplied to the 
pad LATI of drive IC 11 of the next step. 

20 [0072] The chip selecting circuit CS2 receives a 
strobe signal entered to a first input terminal via the pad 
STRI and another strobe signal entered to a second in- 
put terminal via the pad STRCLK for generating a new 
strobe signal, and outputs the new strobe signal from 

25 both of its output terminals. The new strobe signal out- 
putted from one of the output terminals of the selecting 
circuit CS2 is supplied to the other input terminal of each 
of the AND circuits AND^— AND144. On the other hand, 
the new strobe signal outputted from the other output 

30 terminal is supplied to the pad STRO. The strobe signal 
supplied to the pad STRO is supplied to the pad STRI 
of image readingAwriting head IC 10 of the next step. 
Specifically, the chip selecting circuit CS2 has a D fiip- 
flop circuit for outputting, in synchronization with a rise 

35 of the strobe clock signal entered to the second input 
terminal via the pad STRCLK, a high-level signal or a 
low-level signal depending on whether the strobe signal 
entered to the first input terminal via the pad STRI is 
high level or low level. Then, when a latch signal for ex- 

40 ample is entered as a strobe signal to the chip selecting 
circuit CS2 of the first-step drive IC 11 of the 12 drive 
IC's mounted on the second substrate 7, the output level 
of the chip selecting circuit CS2 becomes high in syn- 
chronization with the rise of the first strobe clock signal 

45 that follows. Then at the rise of the next strobe clock 
signal, the latch signal is already dropped to the low lev- 
el, and thus the output level from the chip selecting cir- 
cuit CS2 changes from the high level to the low level. As 
a result, the chip selecting circuit CS2 outputs a strobe 

50 signal which becomes high level only for a period cor- 
responding to one cycle of the strobe clock signal. This 
strobe signal is entered as the strobe signal to the chip 
selecting circuit CS2 of the next-step drive IC 1 1 , the chip 
selecting circuit CS2 of the next-step drive IC 11 outputs 

55 a strobe signal which rises at the same time as the 
strobe signal generated by the chip selecting circuit CS2 
of the previous-step drive IC 11 and become high level 
only for the period corresponding to the cycle of the 
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strobe dock signal. In such a way. the chip selecting cir- 
cuits CS2 of each of the 12 drive IC's successively gen- 
erate a new strobe signal for avoiding timing overlap. 
[0073] When a new strobe signal is outputted from the 
first output terminal of the chip selecting circuit CS2. the 
second input terminal of each of the AND circuits 
ANDi— AND^44 becomes high level. At this point, the 
signal at the output terminal of each of the AND circuits 
AND1-AND-144 is equal to the output from the latch cir- 
cuit LT supplied to the first input terminal of the AND 
circuits AND^- AN 0^44. Specifically, the level of the out- 
put terminal of the AND circuits AND^ — AND-144 deter- 
mined according to the information at each bit of the im- 
age data stored in the latch circuit LT, which then deter- 
mines the ON-OFF state of the bipolar transistors 
Tr^-Tri44, The pad DO^ ^00^44 are connected to indi- 
vidual electrode patterns 34 respectively. Thus, if any 
one of the bipolar transistors Tr-|— Tri44 is turned on, a 
closed loop is established beginning from a positive ter- 
minal of the power supply, through the common elec- 
trode wiring 32, common pattern 33, heating resistor 31 , 
individual electrode pattern 34, the turned bipolar tran- 
sistor Tr-i— Tr-144. and the pad GND. to the negative ter- 
minal of the power supply, supplying electric cunrent to 
the relevant portion of the heating resistor 31 of the heat- 
ing elements 9 for recording the image on the recording 
paper P. 

[0074] With the above arrangement, when the docu- 
ment D is read, light emitted from the LED chips 8 is cast 
via the cover glass 5 to the document D. The light is 
reflected by the document D, and passes the cover 
glass 5 to the selfoc lens array 12. The reflected tight is 
focused by the selfoc lens array 12. then re-directed by 
the reflecting surface of the reflecting cover member 1 3 
for entering the light receiving elements formed in the 
sensor tC's. The sensor IC's 1 0 generates image signals 
which is then taken out of the image reading/writing 
head 1 via the wirebonding, the wiring pattern formed in 
the first main surface of the second substrate 7, the con- 
nector 23 or 24, and an unillustrated cable, completing 
the reading of one line of the image. Then the platen 
roller 21 feeds the document D in a direction of the arrow 
in Fig, 2 by an amount of the line for repeating the above 
described cycle of reading. 

[0075] When an image is recorded on the recording 
paper P, recording-image data is entered to the drive 
IC's 11 from outside of the image readingAvriting head 
1 via an unillustrated cable, the connector 23 or 24, the 
wiring pattern formed in the first main surface of the sec- 
ond substrate 7 and the wirebonding. Then, the drive 
IC's 11 select the heating elements 9 according to the 
recording-image data and supply the individual elec- 
trode pattems 34 with electric current according to the 
selection, i.e. establishes relevant closed loops starting 
from the positive terminal of the power supply through 
the selected individual electrode patterns 34, the heat- 
ing resistor 31, the common patterns 33 and the com- 
mon electrode wiring 32, to the negative terminal of the 



16 

power supply, making the selected heating elements 9 
be heated for recording a line of the image on the re- 
cording paper P. Then, the platen roller 22 feeds the re- 
cording paper P in a direction of the arrow in Fig. 2 by 
5 an amount of the line for repeating the above described 
cycle of recording. 

[0076] When copying, the above reading cycles and 
the writing cycles are performed simultaneously. Spe- 
cifically, the read image signals outputted from the sen- 

^0 sor IC's 10 are converted into binary signals by a circuit 
provided outside the image reading/writing head, and 
then entered to the drive IC's as the recording-image 
data. During this operation. In the 18 sensor IC s 10. 
the image signals for a line are outputted successively 

15 from the first bit (the bit corresponding to the photo tran- 
sistor PTr^ in Fig. 6) of the shift register SR^ of the first- 
state sensor IC 10 (the left-end sensor IC 10 in Fig. 3), 
so the image signal from the last bit (the bit correspond- 
ing to the photo transistor PTrgg in Fig. 6) of the shift 

20 register SR^ of the final-stage sensor IC 10 (the right- 
end sensor IC 10 in Fig. 3) is the last image signal for 
the line. These image signals are converted into binary 
data, and then entered serially to the first bit (the bit cor- 
responding to the AND circuit AND^ in Fig. 8) of the shift 

25 register SR2 of the first-stage drive IC 11 (the left-end 
drive IC 1 1 in Fig. 3). so the image signal is successively 
forwarded toward the last bit (the bit corresponding to 
the AND circuit AND, 44 in Fig. 8) of the shift register SR2 
of the final-stage drive IC 11 (the right-end drive IC 11 

30 in Fig. 3). Specifically, the read image signals are for- 
warded in the direction shown by an arrow A in Fig. 10, 
whereas the recording-image signals are forwarded in 
the direction shown by an arrow B, both directions being 
the same direction. Thus, the read image signal from 

35 the first bit of the first-stage sensor IC 1 0 is held as the 
recording-image signal at the last bit of the final-stage 
drive IC11. 

[0077] Now. referring again to Fig. 1 0 which illustrates 
relationships between the read image and the recorded 

-^0 image, the document D is fed in a direction shown by 
an arrow C. whereas the recording paper P is fed in a 
direction shown by an arrow D. both directions being the 
same. Further, the reading surface for the document D 
and the recording surface for the recording paper P are 

45 opposed to each other with the image reading/writing 
head 1 in between. Thus, a left end of the reading sur- 
face for the document D corresponds to the first bit of 
the first-step sensor IC 10, whereas a left end of the re- 
cording surface of the recording paper corresponds to 

50 the last bit of the final-stage drive IC 11 . As a result, as 
shown in Fig. 10, the letters in the reading surface of the 
document D are property recorded on the recording pa- 
per P without mirror inversion. 

[0078] Figs. 11 through 15 show a second embodi- 
55 ment of the image reading/writing head according to the 
present invention. This second invention differs from the 
first embodiment shown in Figs. 1 through 10 as follows. 
Specifically, the integrated circuit for reading 10 and the 
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integrated circuit for writing 11 are bonded separately 
from each other in the first embodiment. According to 
the present embodiment, there circuits are integrated in- 
to a single chip so both functions of the integrated circuit 
for reading 10 and the integrated circuit for writing 11 
are achieved by the single chip. In Fig. 11 , all the other 
aspects excluding the above arrangement for this inte- 
grated circuit for image reading/writing head 10 are ex- 
actly the same as those shown in Fig. 2, and thus cor- 
responding components and members are respectively 
given the same alpha-numeric codes without any de- 
tailed description. It should be noted however, that since 
this integrated circuit for image reading/writing head 10 
includes a row of light receiving elements, the integrated 
circuit 10 are mounted to the first main surface of the 
second substrate 7 so that a pair of adjacent integrated 
circuits 10 abut on each other as shown in Figs. 12 and 
13. 

[0079] Fig. 14 is a circuit block diagram of the inte- 
grated circuit for image reading/writing head 10 used for 
the second emtx^diment. As will be clearly understood 
from a comparison between this Fig. 14 and Figs. 6, 8 
showing the first embodiment, the integrated circuit for 
image reading/writing head 10 for the second embodi- 
ment of the image reading/writing head integrates the 
arrangement made in the integrated circuit for reading 
10 in Fig. 6 and the arrangement made in the integrated 
circuit for writing 11 in Fig. 8. It should be noted however, 
that according to the integrated circuit for image reading/ 
writing head 10, the number of the photo transistors 
PTr^— PTrge as light receiving elements is the same as 
the number of the bipolar transistors Tr^— Trgg, so that 
one integrated circuit for image reading/writing head 10 
takes care of a same number of the light receiving ele- 
ments and the heating elements 9. Specifically, the chip 
41 of this particular integrated circuit for image reading/ 
writing head 10 is formed vyrith 96 photo transistors PTr^ 
-PTrgg, 96 field effect transistors FET^-FETgg. a shift 
register SR^ for receiving light, a chip selecting circuits 
CS-i, CS2. an operational amplifier OP^, field effect tran- 
sistors FETg, FET^, a capacitor Ci. resistors R^— R3, a 
shift register SR2 for heating, a latch circuit LT, 96 AND 
circuits ANDi— AND144 for example, 96 bipolar transis- 
tors Tri-Trgg, and pads SI, Tl, CLKI, LATI, STRI, STRC, 
VDD, DO1-DO96, GND. AO. STRO. LATO. CLKO, DO. 
and SO. Each of the photo transistors PTri^PTrgg func- 
tions as light receiving element for outputting analog im- 
age signals according to the image on the document D 
when reflected light from the document D is fed. The 
bipolar transistors TR^— TRgg constitute switches to 
heating elements 9. The field effect transistors 
FET1-FET96, the shift register SR^, the chip selecting 
circuit CS^ . the operational amplifier OP^ , the field effect 
transistors FET3. FETt,, the capacitor C-|, and resistors 
R-i— R3 constitute a light receiving element controlling 
circuit for successively taking out the outputs from the 
photo transistors PTr-,— PTrgg. The shift register SR2. 
the latch circuit LT, the chip selecting circuit CS2. AND 
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circuits ANDi-ANDgg, and the bipolar transistors Tr^ 
-Trge constitute a heating element controlling circuit for 
selectively turning on the heating elements 9 according 
to the recording-image data. 

5 [0080] As will be understood from Figs. 14 and 15, the 
chip 41 ofthis integrated circuit for image reading/writing 
head 1 0 has a surface mounted with the photo transis- 
tors PTri— PTrge as the light receiving elements in a row 
closer to a longitudinal edge, and fomned with all the 

10 pads SI. Tl. CLKI, LATI, STRI, STRC, VDD, DO1 -DOgg. 
GND. AO. STRO. LATO, CLKO, DO and SO closer to 
the other longitudinal edge. Therefore, if the pads SI. Tl. 
CLKI, LATI. STRI. STRC. VDD. DOi-DOgg, GND. AO, 
STRO, LATO, CLKO, DO and SO are wirebonded to the 

15 wiring pattern of the second substrate 7, all the wires 
can be drawn toward the side away from the photo tran- 
sistors, positively preventing the wires from shading 
light to the photo transistors PTr^— PTrg^. 
[0081] The reading controlling circuit and the writing 

20 controlling circuit included in the above integrated circuit 
for image reading/writing head 10 function exactly as 
has been described with reference to Figs. 6 and 9, and 
therefore will not be described here. 
[0082] Figs. 16 through 18 show a third embodiment 

25 of the image reading/writing head according to the 
present invention. Fig. 16 is an outline perspective of 
the image reading/writing head 1 according to this em- 
bodiment whereas Fig. 17 Is a sectional view taken 
along a line vertical to a longitudinal axis of the image 

30 reading/writing head 1 . A difference from the first em- 
bodiment which is typically shown in Fig. 2 is that a plu- 
rality of aspherical lenses are used as optical lenses 12 
disposed in correspondence to respective integrated 
circuits for reading 1 0, Another difference is and that the 

35 reflecting cover member 1 3 is formed with two bent por- 
tions 13a. 13b, and the reflecting cover member has in- 
ner faces formed with a first reflecting surface 13c and 
a second reflecting surface 13d for reflecting the light 
twice after passing the aspherical lenses 12 for directing 

40 the light generally vertically to the light receiving ele- 
ments in the integrated circuit for reading 10. 
[0083] Again according to this embodiment, the heat- 
ing elements 9, the integrated circuit for reading 10 and 
the integrated circuit for writing 11 are mounted in the 

45 first main surface of the second substrate 7. These heat- 
ing elements 9, the reading IC 10 and the writing IC 11 
may be those having the same arrangements and func- 
tions as those used in the previous embodiments shown 
in Figs. 5, 6 and 8. It should be noted however, that as 

50 will be described with reference to Fig. 18, according to 
the present embodiment, the aspherical lenses 12 used 
as the optical lenses can form reduced images of re- 
spective predetermined ranges on the reading line L, on 
the light receiving elements of the reading IC's 10. Thus. 

55 the reading IC 1 0 can be made to have a shorter length 
according to the present embodiment, and further the 
reading IC 1 0 can be disposed apart from adjacent read- 
ing IC*s as shown in Fig. 18. 
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[0084] The arrangement in Fig. 1 7 excluding those for 
the optical lenses 12 and the reflecting cover member 
13 are basically the same as the first embodiment typi- 
cally shown in Fig. 2, and therefore will not be described 
here. 5 
[0085] Fig. 18 is a view of a section taken along lines 
X-X in Fig. 1 6, showing the convex lenses 1 2 and related 
components. As will be understood from this Fig. 18 and 
Fig. 17, for each of the convex lenses 12. following com- 
ponents are successively disposed in an optical path of 
the light reflected by the document D: Specifically, the 
glass cover 5, the convex lens 12 , the first reflecting 
surface 13c, the second reflecting surface 13d. and an 
array of light receiving elements of the reading iC 1 0 are 
disposed in this order. The convex lens 1 2 is an optical 
image forming medium having an aspherical incidence 
surface 12a and a flat outgoing surface 12b. and is 
placed, with the incidence surface 12a opposed to the 
cover glass 5 and the outgoing surface 12b inclined to 
the first reflecting surface 13c at about 45 degrees. 20 
When the reflected light passes from the incidence sur- 
face 12a to the outgoing surface 12b. the reflected light 
is concentrated according to an index of refraction and 
radius of curvature of the convex lens 12 while keeping 
the same quantity of light as of the time of incidence, 25 
Then, after reflecting on the first and second reflecting 
surfaces 13c, 1 3d, the reflected light enters the light re- 
ceiving element. Specifically, each of the convex lenses 
12 brings a predetermined continuous portion of the im- 
age contained in the document D to the corresponding 30 
light receiving element, by forming an inverted image of 
the above, on the light receiving element. Thus, an op- 
eration for inverting the direction of data transmission 
from each of the reading IC's must be performed. 
[0086] Further, the convex lens 12 has a depth of fo- 35 
cus adjusted so that the image is focused on the light 
receiving element 10a. Specifically, it is possible to con- 
trol the length of the light path from the convex lens 12 
to the light receiving elements 10a to be within a given 
range allowing for a certain deviation so that the image <o 
should be focused on the surface of the light receiving 
element 10a. Further, each of the convex tenses 12 can 
form the image on the light receiving element at a pre- 
determined rate of magnification. With such an arrange- 
ment, it becomes possible to reduce the length of the <5 
array of light receiving elements to be formed in each of 
the reading IC's 10, thereby decreasing the size of the 
reading IC 10. 

[0087] Further, according to the present embodiment, 
the optical lens is an aspherical lens 1 2 having a deeper 50 
depth of focus than does the selfoc lens . Thus, the 
length of the light path from the document D to the light 
receiving element may not be as precise as otherwise. 
This makes possible to reduce manufacturing cost of the 
overall head, as well as to enjoy an advantage that read- 55 
ing can be appropriate even if the document is slightly 
held above the reading surface. Further, according to 
the present embodiment, the reflected light after pass- 



ing the convex lens 12 is reflected twice so as to enter 
the light receiving element 1 0a generally vertically. This 
makes possible to further increase image reading effi- 
ciency by the light receiving element. 
[0088] It should be noted here that according to the 
present embodiment, the reading IC and the writing IC 
are provided in the flrst main surface of the second sub- 
strate 7 independently from the other. However, the in- 
tegrated circuit which includes both of the reading and 
writing circuits as described eariier with reference to 
Figs. 14, 15 may of course be used. 
[0089] Figs. 19 through 22 are sectional views of a 
primary portion of a fourth, flfth and sixth embodiments 
of the image reading/writing head according to the 
present invention. Again for these figures, description 
will be made only for differences from the previous em- 
bodiments. All the common aspects will not be de- 
scribed, with components and members given the same 
alpha-numeric codes as in the previous flgures. 
[0090] The fourth embodiment shown in Fig. 19 is a 
variation to the third embodiment typically shown in Fig. 
17. The aspherical lens used as the optical lens in the 
third embodiment is replaced by the selfoc lens array 1 2 
here. Another difference is that the flrst main surface of 
the second substrate 7 is mounted with the integrated 
circuit 10 which includes both of the reading and writing 
controlling circuits. However, again in this embodiment, 
the reflected light after passing the selfoc lens array 12 
is reflected twice, i.e. flrst by the first reflecting surface 
1 3c and then by the second reflecting surface 1 3d each 
formed in the inner surface of the reflecting cover mem- 
ber 13. before the reflected tight enters the light receiv- 
ing element generally vertically. This makes possible to 
further increase image reading efficiency by the light re- 
ceiving element. 

[0091] The flfth embodiment shown in Fig. 20 is also 
a variation to the third embodiment typically shown in 
Fig. 1 7. Here, mirror surfaces as the means for reflecting 
the light twice after passing the optical lens is replaced 
by a prism 14 which provides a first and second reflect- 
ing surfaces 14a, 14b. The prism 14 can be made by 
molding a transparent resin for example. By using the 
prism 14. each of the reflecting surfaces 14a, 14b can 
be a total reflecting surface for increased efficiency of 
reflection, whereas the physical distance from the lens 
12 to the light receiving element can be increased for 
greater freedom for the location of the integrated circuit 
10 formed with the light receiving elements. It should be 
noted here that the prism 1 4 can be press-fit to the re- 
flecting cover member 13 as shown in Fig. 21 for easier 
assembling operation. 

[0092] The sixth embodiment shown in Fig. 22 is a 
variation to the first embodiment typically shown in Fig. 
2. Here, the reflecting surface formed in the inner sur- 
face of the reflecting cover member 13 is replaced by a 
so called right-angled prism for providing a total reflect- 
ing surface. Here again, reflection efficiency can be in- 
creased, whereas the physical distance from the lens 
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12 to the tight receiving element can be increased for 
greater freedom for the location of the integrated circuit 
10 formed with the light receiving elements. Further, 
here again, the prism can be press-fit to the reflecting 
cover member 1 3 as shown in Fig. 22 for easier assem- 
bling operation. 



Claims 

1. An image reading/writing head comprising: 

a casing (2) having a document contact portion 
(5): 

a substrate (7) supported by the casing at a por- 
tion thereof different from the document contact 
portion (5), said substrate (7) having a first sur- 
face facing away from the casing (2) and a sec- 
ond surface attached to the casing (2); 

a plurality of optical lenses (12) supported in the 
casing (2); 



cuit (10) and clock signals for the second integrated 
circuit (10. 11) are the same clock signals. 

3. The image reading/writing head according to claim 
5 1 or 2, wherein a direction in which read image sig- 
nals are transferred in the first integrated circuit (10) 
for reading is the same as a direction in which image 
data for recording are transferred in the second in- 
tegrated circuit (10, 11), whereby the image can be 
10 properly formed on the recording paper (P) when 
copying the document (D) in which occasion the 
read image signals are converted into binary infor- 
mation as image data for recording. 

15 4. The image reading/writing head according to any 
one of claims 1 to 3, whereiin the first integrated cir- 
cuit (10) and the second integrated circuit (10, 11) 
are integrated into a single chip (10). 

20 5. The image reading/writing head according to any 
one of claims 1 to 4, wherein the second surface of 
the substrate (7) is held in contact with a heat ab- 
sorbing member (14). 



first integrated circuits (10) provided on said 25 6. 
substrate (7) and including a plurality of light re- 
ceiving elements (PTr1-PTr96) for reading an 
image on a document (D) by receiving, via said 
optical lenses (12), light reflected by the docu- 7. 
ment (D) placed at the document contact por- 30 
tion (5) of the casing (2); 



The image reading/writing head according to any 
one of claims 1 to 5, wherein the optical lenses (12) 
are a selfoc lens array. 

The image reading/writing head according to any 
one of daims 1 to 5, wherein the optical lenses (12) 
are a plurality of aspherical lenses. 



light reflecting means (13, 14) for making the 8. 
light after passing the optical lenses (12) enter 
the light receiving elements (PTr1-PTr96); 35 

a plurality of heating elements (9) provided on 
the first surface of the substrate (7) for forming 
an image on recording paper (P) by heat; 9. 

40 

and second integrated circuits (10,11) provided 
on said substrate (7) for controlling the heating 
elements (9): 



The image readingAwriting head according to any 
one of claims 1 to 7, wherein the light after passing 
the optical lenses is reflected only once before en- 
tering the light receiving elements (PTr1-PTr96) at 
an angle. 

The image reading/writing head according to any 
one of daims 1 to 7, wherein the light after passing 
the optical lenses (12) is reflected for a plurality of 
times before entering the light receiving elements 
(PTr1-PTr96) vertically or generally vertically. 



characterized In that said heating elements ^5 
(9) as well as said first and said second integrated 
circuits (10, 11) for reading an image and for con- 
trolling the heating elements all are provided on said 
first surface of said substrate (7) and, further, said 
light reflecting means (13, 14) being disposed so as 50 
to oppose said first surface of the substrate (7) from 
the outside relative to the casing (2) so that the light 
reflecting means (13, 14) covers the first integrated 
circuit (10) while allowing the heating elements (9) 
to be exposed to the outside. 55 

The image reading/writing head according to claim 
1 , wherein clock signals for the first integrated cir- 



10. The image reading/writing head according to claim 
8, wherein the reflectiing means (PTr1-PTr96) in- 
cludes at least one mirror surface. 

11. The image reading/writing head according to claim 
10. wherein said at least one mirror surface is 
formed on a cover member (13) fixed to the casing 
(2), the cover member (13) covering the first inte- 
grated circuit (10) and the second integrated circuit 
(11). 

12. The image reading/writing head according to claim 
8, wherein the reflecting means (PTr1-PTr96) com- 
prises a prism (14). 
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13. The image reading/writing head according to ctaim 
12, wherein the prism (14) is made of a molded 
transparent resin fitted into a cover member (13) 
covering the first integrated circuit (1 0) and the sec- 
ond integrated circuit (10,11). 



Patentanspruche 

1. Bildlese/Aufzeichnungskopf. beinhaltend: 

ein Gehause (2) mit einem Dokumentkontakt- 
bereich (5); 

ein von dem GehSuse an einer anderen Stelle 
als der Dokumentkontaktbereich (5) getrage- 
nes Substrat (7), welches eine erste, von dem 
Geh3use (2) fortweisende Oberfldche und eine 
zweite. an dem Gehduse (2) angebrachte 
Oberfiache besitzt; 

eine Mehrzahl von in dem Gehduse (2) getra- 
genen optischen Linsen (12); 

erste auf dem Substrat (7) vorgesehene inte- 
grierte Schattkrelse (1 0), welche eine Mehrzahl 
von Lichtempfangselementen (PTr1-PTr96) 
zum Lesen eines Bildes auf einem Dokument 
(D) durch Empfang. mittels der optischen Lin- 
sen (12), von Licht, welches von dem Doku- 
ment (D), welches sich an dem Dokumentkon- 
taktbereich (5) des Gehduses (2) befindet. re- 
flektiert wird, beinhalten; 

Lichtreflektiermittel (13,14), welche bewirken, 
dafl das Licht nach dem Passieren der opti- 
schen Linsen (12) in die Lichtempfangsele- 
mente (PTr1-PTr96) eintritt; 

eine Mehrzahl von auf der ersten Oberfldche 
des Substrates (7) vorgesehenen Heizelemen- 
ten (9) zum Formen eines Bildes auf Aufzeich- 
nungspapier (P) durch Hitze; 



grierten Schaltkreise (10,11) zum Lesen eines Bil- 
des und zum Betdtigen der Heizelemente alle auf 
der ersten Oberfiache des Substrates (7) vorgese- 
hen sind, und 6aQ> femer die Lichtreflektiermittel 
(13, 14) so angeordnet sind. daO; sie der ersten 
Oberfiache des Substrates (7) von der Gehauseau- 
(^enseite her so gegenuberstehen. dafl die Lichtre- 
flektiermittel (13,14) die ersten integrierten Schalt- 



kreise (10) abdecken, wahrend sie den Heizele- 
menten (9) erlauben, der Umgebung ausgesetzt zu 
sein. 

5 2. Bildlese/Aufzeichnungskopf nach Anspruch 1 , bei 
dem die Taktsignate fur den ersten integrierten 
Schaltkreis (10) und die Taktsignale fOr den zweiten 
integrierten Schaltkreis (10, 11) dieselben Taktsi- 
gnale sind. 

10 

3. Bildlese/Aufzeichnungskopf nach Anspruch 1 oder 
2, bei dem eine Richtung, in der Bildlesesignale in 
den ersten integrierten Schaltkreis (10) zum Lesen 
transferiert werden, dieselbe Richtung ist wie eine 

15 Richtung, in der Bildsignale zum Aufzeichnen in 
den zweiten integrierten Schaltkreis (10,11) trans- 
feriert werden, wobei das Bild auf dem Aufzeich- 
nungspapier (P) korrekt ausgeformt werden kann, 
wenn das Dokument (D) kopiert wird. wobei bei die- 

20 sem AnlaK die Bildaufzeichnungssignale in binare 
Informationen als Bilddaten zum Aufzeichnen kon- 
vertiert werden. 

4. Bildlese/Aufzeichnungskopf nach einem der An- 
25 sprQche 1 bis 3. bei dem der erste integrierte Schalt- 
kreis (10) und der zweite integrierte Schaltkreis 
(10,11) in einem einzigen Chip (10) integriert sind. 

5. Bildlese/Aufzeichnungskopf nach einem der An- 
30 spruche 1 bis 4. be! dem die zweite Oberfiache des 

Substrates (7) in Kontakt mit einem Hitzeabsorbier- 
element (24) gehalten wird. 

6. Bildlese/Aufzeichnungskopf nach einem der An- 
35 spruche 1 bis 5. bei dem die optischen Linsen (12) 

eine Selfoc-Linsenanordnung sind. 

7. Bildlese/Aufzeichnungskopf nach etnem der An- 
SprQche 1 bis 5. bei dem die optischen Linsen (12) 
eine Mehrzahl von aspharischen Linsen sind. 

8. Bildlese/Aufzeichnungskopf nach einem der An- 
sprOche 1 bis 7. bei dem das Licht nach dem Pas- 
sieren der optischen Linsen nur einmat reflektiert 
wird, bevor es mit einem Winkel in die Lichtemp- 
fangselemente (PTr1-PTr96) eintritt. 

9. Bildlese/Aufzeichnungskopf nach einem der An- 
sprQche 1 bis 7, bei dem das Licht nach dem Pas- 
sieren der optischen Linsen (12) mehrmals reflek- 
tiert wird, bevor es vertikal Oder generell vertikal in 
die Lichtempfangselemente (PTr1-PTr96) eintritt. 

10. Bildlese/Aufzeichnungskopf nach Anspruch 8, bei 
55 dem die Reflektiermittel (PTr1-PTr96) mindestens 

eine Spiegetoberfldche beinhalten. 

11. Bildlese/Aufzeichnungskopf nach Anspruch 10. 



und zweite auf dem Substrat (7) vorgesehene <5 
integrierte Schaltkreise (10.11) zum Betdtigen 
der Heizelemente (9); 

dadurch gekennzelchnet, daR sowohl die Heize- 
lemente (9) als auch die ersten und zweiten inte- so 
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wobei die mindestens eine Spiegeloberfldche auf 
einem an dem Geh^use (2) fixierten Abdeckele- 
ment (1 3) ausgeformt wird und das Abdeckelement 

(13) den ersten integrierten Schaltkreis (10) und 
den zweiten integrierten Schaltkreis (11) abdeckt. 

12. Bildlese/Aufzeichnungskopf nach Anspnjch 8. bei 
dem die Reflektiermittel (PTr1-PTr96) ein Prisma 

(14) beinhalten. 

13, Bildlese/Aufzeichnungskopf nach Anspruch 12, 
wobei das Prisma (14) aus einem geformten trans- 
parenten Harz besteht. welches in ein Abdekkele- 
ment (13), welches den ersten integrierten Schalt- 
kreis (10) und den zweiten integrierten Schaltkreis 
(10,11) abdeckt, eingebracht wird. 



Revendications 

1 . Une t§te de lecture/6criture d'Images comprenant : 

un bottler (2) pr^sentant une partie de contact 
de document (5) ; 

un substrat (7) support^ par le bottler au niveau 
d'une partie de celui-ci diffSrente de la partie de 
contact de document (5), ledit substrat (7) pr6- 
sentant une premidre surface dirig6e d I'oppo- 
s^ du boTtier (2) et une seconde surface fix^e 
au boTtier (2) ; 



caract6ris6 en ce que lesdits 6t6ments de chauf- 
fage (9) ainsi que lesdits premier et second circuits 
int6gr6s (10, 11) pour lire une image et pour com- 
mander tes ^l^ments de chauffage sont tous pr6vus 

5 sur ladite premiere surface dudit substrat (7) et, en 
outre, lesdits moyens de r6fiexion de lumi^re (13. 
1 4) ^tant disposes de mani^re d prot^ger ladite pre- 
miere surface du substrat (7) de rext6rieur par rap- 
port au boTtier (2) de sorte que tes moyens de r6- 

10 flexion de Iumi6re (13,14) recouvrent le premier cir- 
cuit int6gr6 (1 0) tout en permettant aux 6l6ments de 
chauffage (9) d'Stre expos6s vers I'ext6rieur. 

2, La tSte de lecture/6criture d'images selon la reven- 
15 dication 1 . ou des signaux d'horioge pour le premier 
circuit int^gr^ (10) et des signaux d'horioge pour le 
second circuit int6gr6 (10, 11) sont les mSmes si- 
gnaux d'horioge. 

20 3. La t§te de lecture/6criture d'images selon la reven- 
dication 1 ou 2, oCi une direction dans laquelle les 
signaux d'images lus sont transf6r6s dans le pre- 
mier circuit int6gr6 (10) pour la lecture est la mdme 
que la direction dans laquelle des donn^es images 

25 pour I'enregistrement sont transferees dans le se- 
cond circuit int6gr6 (10, 11), de sorte que I'image 
peut §tre correctement form6e sur le papier d'enre- 
gistrement (P) lors de la copie du document (D). 
auquel cas les signaux images lus sont convertis 

30 en information binaire sous la forme de donnees 
images pour I'enregistremenL 



une plurality de lentilles optiques (12) port6es 4. 
dans le t>oTtier (2) : 

35 

de premiers circuits int6gr6s (10) pr^vus sur le- 
dit substrat (7) et comprenant une pluralite 
d'eiements de reception de lumiere 
(PTr1-PTr96) pour lire une image sur un docu- 5. 
ment (D) en recevant, par I'intermediaire des- ^o 
dites lentilles optiques (12), la lumiere refiechie 
par le document (D) place au niveau de la partie 
de contact de document (5) du t>oTtier (2) ; 

6. 

des moyens de reflexion de lumiere (13, 14) 45 
pour faire que la lumiere apres avoir traverse 
les lentilles optiques (12) penetre dans les ele- 
ments de reception de lumiere (PTr1-PTr96) ; 7. 

une pluralite d'eiements de chauffage (9) pre- 5o 
vus sur la premiere surtace du substrat (7) pour 
former, par de la chaleur, une image sur un pa- 
pier d'enregistrement (P) ; 8. 

et de second circuits integres (10, 11) pr6vus 55 
sur ledit substrat (7) pour commander les ele- 
ments de chauffage (9) ; 



La tete de lecture/ecriture d'images selon une quel- 
conque des revendications 1 d 3, ou le premier cir- 
cuit integre (10) et le second circuit integre (10, 11) 
sont integres dans une seule puce eiectronique 
(10). 

La tete de lecture/ecriture d'images selon une quel- 
conque des revendications 1 e 4, ou la seconde sur- 
face de substrat (7) est maintenue en contact avec 
un element d'absorption de chaleur (14). 

La tete de lecture/ecriture d'images selon une quel- 
conque des revendications 1 e 5, ou tes lentilles op- 
tiques (12) sont un reseau de lentilles selfoc. 

La tete de lecture/ecriture d'images selon une quel- 
conque des revendications 1 e 5, ou les lentilles op- 
tiques (12) sont une pluralite de lentilles aspheri- 
ques. 

La tete de lecture/ecriture d'images selon une quel- 
conque des revendications 1 e 7, ou la lumiere 
apres avoir traverse tes lentilles optiques est refie- 
chie une seule fois avant de penetrer dans les ele- 
ments de reception de lumiere (PTr1-PTr96) selon 
un certain angle. 
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9. La tSte de lecture/6criture d'images selon une quel- 
conque des revendications 1 d 7, ou la lumi^re 
apr^s avoir traverse les lentiiles optiques (12) est 
rdfl^chie une plurality de fois avant de pdn^trer 
dans les 6l6nrients de reception de Iumi6re 5 
(PTr1-PTr96) de mani^re verticale ou g6n6rale- 
ment verticale. 

10. La t§te de lecture/^criture d'images selon la reven- 
dication 8, ou les moyens de r6flexion (PTr1 -PTr96) io 
comprennent au moins une surface nniroir. 

1 1. La tSte de lecture/^criture d'images selon ta reven- 
dication 10, ou cette au moins une surface miroir 

est fomn^e sur un 6l6ment de recouvrement (13) *5 
fix6 au bottler (2), r6l6ment de recouvrement (13) 
recouvrant le premier circuit int6gr6 (10) et le se- 
cond circuit int^gr^ (11). 

12. La tdte de lecture/6criture d'images selon la reven- 20 
dication 8. ou les moyens r6f)6chissants 
(PTr1-PTr96) comprennent un prisme (14). 

13. La tdte de lecture/^criture d'images selon la reven- 
dication 12, ou le prisme (14) est r6alis6 en une r6- 25 
sine transparente moulSe adapt^e dans un 6l6ment 

de recouvrement (13) recouvrant le premier circuit 
int§gr§ (10) et le second circuit int6gr6 (10, 11 ). 

30 
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FIG. 1 
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FIG. 16 
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FIG. 17 
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FIG. 18 




33 



EP 0 917 341 B1 



FIG, 19 
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FIG. 2 0 
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FIG. 2 2 
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